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Anaerobic Digestion Model n° 1 (created by IWA task group 2002) developed by Rosen
and Jeppsonn (2006)

Water phase equations (biochemical processes)
 Disintegration step (composites allocation into carbs,
prots, lipids, inert).
 Hydrolysis step (hydrolysis of carbohydrates, proteins
and lipids).
 Acidogenesis (from sugars and aminoacids).
 Acetogenesis (from LCFAs, butyrate, propionate,
valerate).
 Aceticlastic methanogenesis (from acetate).
 Hydrogenotrophic methanogenesis (from hydrogen).
 Biomass decay.
Gas phase equations
 Mass transfer (liquid-gas).

29 Variables (expressed in terms of COD concentration)
Water phase
 12 slowly biodegradable particulates (Complex
particulates, proteins, lipids, carbohydrates, inerts + 7
biomasses)
 14 soluble compounds (including inorganic C and N for
elemental balance, Scat and San for pH calculation)
Gas phase
 Methane, Carbon dioxide and Hydrogen.
Operational parameters
 Liquid volume, Gas Volume, Temperature, Flow rate.

Biochemical processes rates
 Fist order equation is applied to particulates uptake
(disintegration, hydrolysis and biomass decay)
𝑑𝑋𝑖
= 𝐾 · 𝑋𝑖
𝑑𝑡
 Monod equation is applied to soluble phase uptake
(acidogenesis, acetogenesis and methanogenesis)
𝑑𝑆𝑖
𝑑𝑡

= 𝐾1 · 𝐾

𝑆𝑖

2 + 𝑆𝑖

· 𝑋𝑗 ·Inhibition factor

 Inhibition factors (pH, NH3, inorganic Nitrogen,
inorganic Carbon, Hydrogen) where:
0 < Inhibition factor < 1

The main issues addressed in the ADM1 application to
sewage sludge reported in the literature concern:



Kinetic parameters calibration and methane yield
performances (Gavala et al., 2003; Hidaka et al., 2013).
Pretreatments effects on kinetic parameters and the
increase in the extent of AD biodegradability, such as:









thermal pretreatment (Ge et al., 2010);
microwave (Kuglarz et al., 2013);
sonication (Braguglia et al., 2012);
autohydrolysis (Carvajal et al., 2013; Souza et al.,
2013).

Reactor configuration such as the two upflow
anaerobic sludge blanket (UASB) reactors (Coelho et
al., 2006, Zhang et al., 2013).
Sludge characterization in terms of ADM1 input
requirements (Mottet et al., 2010).

1. The study was focused on the modelization of raw waste
activated sludge (WAS) sampled from Rome WWTP.
2. The goal of the study was the assessment, from an
economical point of view, of the most appropriate reactor
configuration and feeding temporal distribution of a
Continuous Stirred Reactor (CSTR) fed with our substrate.
3. In order to obtain the necessary informations about WAS
characteristics, two different experiments were carried out:

a) Biomethane Potential Test (400 ml), aiming to the
determination of the inert fraction of the sludge.
b) Semi continuous pilot plant (7 liters), run until a steady
state situation was reached, aiming to assess the
applicability of the literature kinetic parameters to raw
WAS.
 Both the experiments have been performed under
thermophilic conditions (T = 55 °C).

Characterization of a given substrate in terms of ADM1 variables
is performed through the following steps:
1. Determination of the soluble compunds (sugars, aminoacids,
VFAs, etc.).
2. Determination of the particulate COD (Xc).
3. Allocation of Xc into the ADM1 input state variable.
a)

b)

Determination of proteins, carbohydrates and lipids.
 Protein content was calculated by means of the modified
Lowry Kit for Protein Determination.
 Carbohydrates determination was based on the DuBois
colorimetric method modified by Taylor (1994).
 Lipids were calculated by difference.
Inert fraction (Xi) determination;

4) For a general substrate, the analytical determination of the
proteins, lipids, carbohydrates and inert content in the
substrate is based upon extended Weender analysis (Van Soest
and Wine, 1967). This method assumes that a portion of
carbohydrates (starch, cellulose, hemicellulose and lignin) is
inert to AD while proteins and lipids are fully biodegradable
(Wichern et al., 2009).
5) Nevertheless, in the case of sewage sludge, Mottet et al. (2010)
found that a significant fraction of proteins and lipids present
is not anaerobically degradable.
6) Hence Van Soest extension is not applicable to sewage sludge
and the inert fraction must be determined.

In order to determine the sludge inert content a Biomethane Potential Test
(BMP) was performed, as proposed by Angelidaki et al. (2009).
The inert fraction of the substrate (Xi) was given by:
Xi = Xdig – Xino [mg COD/L]
where:
Xdig = digestate organic content [mg COD/L].
Xino = inoculum organic content [mg COD/L].

It was assumed that the inert fraction of proteins, lipids and carbohydrates
was the same.

Main variables and parameters adopted in the ADM1 simulations.
Total soluble COD (mg COD/L)
Total particulate COD (mg COD/L)
Temperature (K)
Hydraulic Retention Time (d)

Xc (mg COD/L)
Xpr (mg COD/L)
Xch (mg COD/L)
Xli (mg COD/L)
Xi (mg COD/L)
Si (mg COD/L)
Biomass (mg COD/L)
Saa (mg COD/L)
Ssu (mg COD/L)
Sfa (mg COD/L)
VFAs (mg COD/L)
SNi (mg N/L)

Inert particulates content
Proteins content
Carbohydrates content
Lipids content
Inert soluble content

Sludge organic content
41
21,659
Operational parameters
328
8
ADM1 Input variables
21,659
0
0
0
0
0
0
0
41
0
0
0
ADM1 particulate fractionation
coefficients
45 %
23 %
6%
26 %
0

 ADM1 modelization require to set several kinetic
parameters; therefore a sensitivity analysis must be
performed.
 In the case of raw WAS, sensitivity analysis carried out
by many authors showed that the most sensitive
parameters are: Kdis, Khyd_pr, Khyd_ch and Khyd_li.
 Despite several studies have been performed for
estimating sewage sludge kinetic rates ADM1
hydrolysys and disintegration rates of raw WAS have
not been estimated under thermophilic conditions.
 Therefore it was assumed that the most suitable kinetic
parameters were those proposed by Batstone (2002) for
anaerobic digestion of generic solids operated under
thermophilic conditions.

The modelization results were congruous with the experimental results of the semicontinuous digester (at steady state conditions) highlighting that the simulation strategy
as well as the parameters choice was adequate for the purpose of this study.
Experimental
results
3.80 ± 0.3

ADM1 results

Methane production (g COD/d)

7.7 ± 0.6

7.40

pH

7.8 ± 0.3

7.62

1,100 ± 185

900

Gas outflow (L/d)

Digestate Soluble COD (mg
COD/L)

3.63

GOOD FITNESS BETWEEN EXPERIMENTAL RESULTS AND THE MODELIZATION

Dmax

Methane yield vs dilution rate (D = 1/HRT) of the CSTR digester.
Methane yield = methane production / unit of substrate
Specific methane flow rate = methane production / unit of digester volume
Dilution rate = 1 / Hydraulic Retention Time

Increasing income for green energy production

Increasing building costs

Methane yield vs specific methane flow rate of the CSTR digester

 Important tool for investors and designers.
 It should be put besides the economics of anaerobic
digestion (income from green energy production,
building costs, etc.).
 It provides with the necessary informations for setting
the most appropriate digester size.

Methane yield vs dilution rate of the CSTR digester for different tres values

𝑡𝑟𝑒𝑠 = 𝑆𝑜𝑙𝑖𝑑 𝑅𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒 − 𝐻𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝑅𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑇𝑖𝑚𝑒

Methane yield vs dilution rate of the CSTR digester for different batch times

Controversial results were obtained:
a) If 3 d. < T <5 d., a slight increase in the methane yield was observed
WHILE
b) If 10 d. < T., a significant drop in the methane yield was observed

Methane yield vs specific methane flow rate of the CSTR digester
for different Solid Retention Times (a)
and
for different feeding temporal distribution (b)

 The ADM1 model can be applied to raw WAS in order
to draw the curve of the relationship between methane
yield and specific methane flow rate, which is an
. important tool for setting the most appropriate digester
size from an economical point of view.
 The modelizations of different digester configuration
underlined the importance of the digester biomass
concentration, which plays a crucial role in improving
the performance of a CSTR, even at short HRT (indeed
in Monod equations the process rate is proportional to
the biomass concentration).
 The feeding temporal distribution is munch less
effective in enhancing the CSTR performance.
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